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ABSTRACT 

7KLVSDSHUSUHVHQWVDQ LPSURYHG6DPSOH+ROG6+FLUFXLW
GHVLJQ IRU DQDORJ /&' DSSOLFDWLRQV 7KH FLUFXLW SRVVHVVHV
WKHGXDO FKDUDFWHULVWLFVRIKLJK VDPSOLQJSUHFLVLRQ DQG ORZ
VZLWFKQRLVHDQGLV WKXVVXLWDEOHIRUYLGHRVLJQDOVDPSOLQJ
DSSOLFDWLRQV ,QRUGHU WR LQFUHDVHDFFXUDF\RI VDPSOLQJDQG
WR UHGXFH VZLWFK QRLVH WKH GHVLJQ XVHV DQ RSHUDWLRQDO
DPSOLILHU ZLWK FXUUHQWPRGH VZLWFK ZKLFK LQFRUSRUDWHV DQ
LPSURYHG EXIIHU DPSOLILHU DQG LQWURGXFHV D QRLVH
HOLPLQDWLRQ WHFKQLTXH E\ XVLQJ GLIIHUHQWLDO DPSOLILHU 7KH
VLPXODWLRQ UHVXOWV VKRZ WKDW IRU D W\SLFDO VLJQDO VDPSOLQJ
DSSOLFDWLRQDQGLWV%L&026LPSOHPHQWDWLRQWKHGHVLJQKDV
DFKLHYHG D PLQLPDO VLJQDO GLVWRUWLRQ DQG VLJQLILFDQWO\
UHGXFHGQRLVHHIIHFW

1. INTRODUCTION 

:LWK WKH GHYHORSPHQW RI PRGHUQ FRPPXQLFDWLRQ DQG
PXOWLPHGLDV\VWHPVKLJKSHUIRUPDQFHGLVSOD\GHYLFHVKDYH
EHHQ EHFRPLQJ LQFUHDVLQJO\ LPSRUWDQW IRU YLGHREDVHG
V\VWHPV LQWHJUDWLRQ SDUWLFXODUO\ LQ ZLUHOHVV DQG SRUWDEOH
DSSOLFDWLRQV$VRQHRIWKHPRVWEDVLFFRPSRQHQWVLQDQDORJ
GLVSOD\ 9/6, > @ 6+ FLUFXLW KDV EHHQ ZLGHO\ XVHG LQ
PDQ\/&'DSSOLFDWLRQV WKDW UHTXLUHDFFXUDWHDQG ORZQRLVH
VLJQDOGDWD VDPSOLQJ VXFK DV FRPSXWHU GLVSOD\ WHUPLQDOV
YLGHR FDPHUDV DQG * PRELOHV DQG VR RQ $ W\SLFDO 6+
FLUFXLW FRQVLVWV RI WKUHHPDMRU FRPSRQHQWV WKH RSHUDWLRQDO
DPSOLILHU23 WKH6+VZLWFKDQG WKHEXIIHUDPSOLILHUZLWK
KLJK LQSXW LPSHGDQFH DV VKRZQ LQ )LJXUH  :KHQ WKH
VZLWFK 6: LV RQ ERWK WKH YROWDJH DFURVV WKH KROGLQJ
FDSDFLWRU& DQG WKH RXWSXW YROWDJH9R YDU\ZLWK WKH LQSXW
YROWDJH9V:KHQ WKH VZLWFK6: LVRII WKHYROWDJH DFURVV
WKHFDSDFLWRU&UHPDLQVFRQVWDQWDQGWKHRXWSXWYROWDJH9R
KDVWKHVDPHYDOXHDVWKDWWKH9VKROGVDWWKHWLPHRIWKH6:
EHLQJ VZLWFKHG RII 7KXVZKHQ VZLWFK VLJQDO FRQVLVWV RI D
VHULHVRISHULRGLFDOQDUURZSXOVHVWKHVDPSOHGVLJQDOZKLFK
LVFRUUHVSRQGLQJWR WKH LQSXWYROWDJHFDQEHREWDLQHGIURP
RXWSXWSRUW,QWKLVSDSHUDQ6+FLUFXLWWKDWLVEDVHGRQDQ
RSHUDWLRQDODPSOLILHUZLWKFXUUHQWPRGHVZLWFKDQLPSURYHG
EXIIHU DPSOLILHU DQG D QRLVH HOLPLQDWLRQ WHFKQLTXH LV
SUHVHQWHG ,W IHDWXUHV KLJKO\ DFFXUDWH VLJQDO VDPSOLQJ DQG
VLJQLILFDQWO\ UHGXFHG VZLWFK QRLVH IRU RXU LQWHQGHG
DSSOLFDWLRQV
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Figure 1.'LDJUDPRIDW\SLFDO6+FLUFXLW

7KHUHVWRIWKHSDSHU LVRUJDQLVHGDVIROORZV  ,QVHFWLRQ
DQ LPSURYHGFLUFXLWGHVLJQ IRFXVLQJRQ VDPSOLQJ SUHFLVLRQ
DQG VZLWFK QRLVH LV GHVFULEHG LQ GHWDLO 6HFWLRQ  SUHVHQWV
WKH VLPXODWLRQ UHVXOWV RI WKH GHVLJQ DQG DQDO\VHV
SHUIRUPDQFH $QG ILQDOO\ WKH FRQFOXVLRQV DUH GUDZQ LQ
VHFWLRQ

2. IMPROVED CIRCUIT DESIGN 

2.1  Improvement of Sampling Precision

7\SLFDOO\ -)(7 1026026)(7 DQG WUDQVPLVVLRQ JDWH
FDQEHXVHGDV6+VZLWFK$OWKRXJK-)(7DQG1026DUH
VWUXFWXUDOO\ VLPSOH WKLV W\SH RI VZLWFK KDV D QXPEHU RI
REYLRXV GUDZEDFNV > @ :KHQ LQSXW YROWDJH LV KLJK
UHVLVWDQFH RI WKH VZLWFK EHFRPHV VLJQLILFDQWZKLOH LW LV RQ
7KLV OHDGV WR WKH UHVXOW WKDW WKH RXWSXW VLJQDO9R GRHV QRW
DFFXUDWHO\ WUDFH WKH LQSXW VLJQDO 9V 7KLV HTXLYDOHQW
LPSHGDQFH RI WKH VZLWFK DOVR LQFUHDVHV VDPSOLQJ WLPH )RU
026)(7VZLWFKLWKDVDQLQKHUHQWHIIHFWRIFKDQQHOFKDUJH
LQMHFWLRQ ZKLFK UHGXFHV VDPSOLQJ SUHFLVLRQ ,I D
WUDQVPLVVLRQJDWH LVXVHGDVDQ6+VZLWFK LW LVGLIILFXOW WR
HQVXUH WKH VLPXOWDQHRXV RQRII RSHUDWLRQV RI 1026 DQG
3026 WKHUHIRUH UHVXOWLQJ LQ XQH[SHFWHG VDPSOLQJ YDOXHV
DQGDIIHFWLQJVDPSOLQJSUHFLVLRQ,QRUGHUWRRYHUFRPHWKHVH
GUDZEDFNVDQGWRLPSURYHVDPSOLQJSUHFLVLRQRI6+FLUFXLW
UDWKHU WKDQ XVLQJ WKH VZLWFK VWUXFWXUHV GLVFXVVHG DERYH D
QHZ FXUUHQWPRGH VZLWFK KDV EHHQ GHVLJQHG DV VKRZQ LQ
)LJXUH  ZKLFK KDV WKH IHDWXUHV RI KLJK EDQGZLGWK KLJK
VSHHGDQGKLJKRXWSXWLPSHGDQFH
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Figure 2.6FKHPDWLFRIWKHRSHUDWLRQDODPSOLILHUZLWKFXUUHQWPRGHVZLWFK

,Q WKH FLUFXLW D GLJLWDO FORFN GULYHV WKH WUDQVLVWRUV4 DQG
4 WKURXJK D FXUUHQWPRGH FRPSDUDWRU DQG WKHUHIRUH
FRQWUROV WKH RQRII RSHUDWLRQV RI WKH RSHUDWLRQDO DPSOLILHU
23+HUHLRLVELDVFXUUHQWLDQGLDUHWKHGUDLQFXUUHQWRI
0DQG0UHVSHFWLYHO\L[DQGL\DUHWKHHPLWWHUFXUUHQWRI
4 DQG 4 UHVSHFWLYHO\ )URP WKH WKHRU\ RI WKH 7UDQV
/LQHDU/RRS>@WKHIROORZLQJHTXDWLRQVFDQEHREWDLQHG

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:KHQWKHGLJLWDOFORFNVLJQDOLVLQWKHVWDWHRIORJLFORZ0
LV RQ LQ LWV VDWXUDWLRQ UHJLRQ DQG0 LV RII 7KXV L!! ,
L[§LR DQG L\§ 7KH VDPSOLQJ VZLWFK LV HIIHFWLYHO\ RII
2WKHUZLVHL[§DQGL\§LWKHVDPSOLQJVZLWFKLVHIIHFWLYHO\
RQ ,W LV REYLRXV WKDW WKLV VWUXFWXUH LPSURYHV VZLWFKLQJ
SHUIRUPDQFHLQWHUPVRIVDPSOLQJWLPHWKHUHIRUHLPSURYLQJ
VDPSOLQJSUHFLVLRQ
'XHWRUHVWULFWLRQRQWKHPD[LPXPRSHUDWLRQDOIUHTXHQF\RI
WKHFLUFXLWWKHKROGLQJFDSDFLWRU&RIWKH6+FLUFXLWVKRZQ
LQ WKH ILJXUH  KDV WR KDYH D PRGHVW YDOXH 7KLV KDV
LPSOLFDWLRQRQVLJQDOSUHFLVLRQGXULQJKROGLQJWLPHEHFDXVH
LQSXWTXLHVFHQWFXUUHQWEHFRPHVVLJQLILFDQW7RPLQLPLVHWKH
HIIHFW RI WKH TXLHVFHQW FXUUHQW RQ VDPSOLQJ SUHFLVLRQ D
EXIIHU DPSOLILHU ZLWK KLJK SUHFLVLRQ KDV EHHQ GHVLJQHG DV
VKRZQ LQ )LJXUH  ,Q WKH FLUFXLW RXWSXW VLJQDO LV REWDLQHG
WKURXJK4DQG47KHFRQVWDQWFXUUHQWVRXUFHIRUPHGE\
4 DQG 4 NHHSV WKH HPLWWHU FXUUHQWV RI 4 DQG 4
HTXDO 'XULQJ KROGLQJ SHULRG WKH EDVH FXUUHQWV RI4 DQG
4 UHPDLQ LQ WKH VWDWH RI VWDWLF EDODQFH LH WKH EDVH
FXUUHQWVPDLQWDLQWKHLUPRPHQWDU\YDOXHVZKLFKDUHSUHVHQW
ZKHQ WKH VZLWFK LV EHLQJ WXUQHG RII 7KH WZR FXUUHQWV DUH
VXSSOLHG E\ WKH PLUURU FXUUHQW VRXUFHV0 DQG0 DQG
WKHLUYDOXHVDUHHTXDO7KHUHIRUH WKH OHDNDJHFXUUHQWRI WKH
KROGLQJFDSDFLWRU&LVQHJOLJLEOHDQGWKHYDULDWLRQRIKROGLQJ
YROWDJHLVUHGXFHGWRWKHPLQLPXP

4
44
4 4
00
9&&
0 0
R%LDV'Q
R%LDV8S
R9R
&
9FR

Figure 3.%XIIHUDPSOLILHUZLWKKLJKSUHFLVLRQ
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Figure 4.'LDJUDPRIQRLVHHOLPLQDWLRQPHWKRG

2.2  Reduction of Switch Noise 

,QDQ6+FLUFXLWQRLVH LVPRVWO\FRQWULEXWHGE\ WKHVZLWFK
QRLVH ZKLFK LV ODUJHO\ UHVXOWHG IURP WKH IDFW WKDW WKH
WUDQVLHQWUHVSRQVHRIFORFNSXOVHVLJQDOLVDGGHGRQWRRXWSXW
WKURXJKSDUDVLWLFFDSDFLWRU7KLVQRLVHKDVJUHDWHIIHFWRQWKH
SHUIRUPDQFHRIWKH6+FLUFXLWSDUWLFXODUO\IRUYLGHRVLJQDO
VDPSOLQJDSSOLFDWLRQV>@,QWKLVVHFWLRQDQRLVHHOLPLQDWLRQ
PHWKRG LV LQWURGXFHG DV VKRZQ LQ )LJXUH  WR UHGXFH WKH
VZLWFKQRLVH
,Q WKH GLDJUDP WKHPRGXOH$ DQG$ DUH WKH 6+ FLUFXLW
ZLWKKLJKSUHFLVLRQGHVFULEHG LQ WKH VHFWLRQ :KLOH WKH
YROWDJHYDOXHRIUHVLVWRUVQHWZRUN LVFKRVHQ WREH WKH VDPH
DVDYHUDJHOHYHORIYLGHRLQSXWVLJQDOWKHRXWSXWYROWDJH9
LVHTXDOWRVXPRIVDPSOLQJVLJQDODQGQRLVHYROWDJHDQGWKH
RXWSXW YROWDJH 9 LV VWDWLF '& YDOXH ZLWK QRLVH
)XUWKHUPRUH VLQFH WKH QRLVH YROWDJHV DWWUDFWHG E\ $ DQG
$DUHDOPRVWLGHQWLFDOLQWHUPVRISKDVHDQGDPSOLWXGHWKH
$&RXWSXWVRI$DQG$FDQEHUHSUHVHQWHGE\96¶9QDQG
9QQRLVHYROWDJHUHVSHFWLYHO\7KXVZHKDYHWKHIROORZLQJ
WZRHTXDWLRQV
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2EYLRXVO\ZKHQWKHRXWSXWVRI$DQG$DUHGLIIHUHQWLDOO\
ILOWHUHG E\ D GLIIHUHQWLDO DPSOLILHU WKH VZLWFK QRLVH FDQ EH
HIIHFWLYHO\HOLPLQDWHG

3. SIMULATION RESULTS 

7R HYDOXDWH WKH SHUIRUPDQFH RI WKH GHVLJQHG FLUFXLW WKH
VLPXODWLRQKDVEHHQFDUULHGRXW LQ+63,&(ZKLFK LVEDVHG
RQDW\SLFDO/&'YLGHRGLVSOD\DSSOLFDWLRQDQGDXP%L
&026 SURFHVV +HUH ZH DVVXPH WKDW VLJQDO VDPSOLQJ
IUHTXHQF\I6+LVJLYHQE\>@

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
ZKHUH1+3LVWKHQXPEHURISL[HOVSHUURZ7+6LVWKHWLPHWR
VFDQ DOO SL[HOV LQ WKH URZ ,I WKH /&' KDV D GRWPDWUL[ RI
× VDPSOLQJ WLPH LV QV DQGKROGLQJ WLPH LV QV
0+] RSHUDWLRQ IUHTXHQF\ WKH UHOHYDQW VLPXODWLRQ
UHVXOWVDUHVKRZQLQ)LJXUHVDQGZKHUHVDPSOLQJFORFN
IUHTXHQF\ LV0+]DQG LQSXW VLJQDO LVD VLQHZDYHZLWK
0+]IUHTXHQF\7KHILJXUHVXJJHVWVWKDWDIWHUVDPSOLQJ
VLJQDO GLVWRUWLRQ KDV EHHQ UHODWLYHO\ PLQRU DQG VLJQDO
LQWHJULW\KDVEHHQNHSW7KHILJXUHVKRZVWKHFRPSDULVRQ
EHWZHHQYLGHRVLJQDOVDPSOLQJUHVXOWVZLWKDQGZLWKRXWXVH
RI WKHQRLVH HOLPLQDWLRQ WHFKQLTXH ,W LV HYLGHQW WKDW VZLWFK
QRLVHKDVEHHQVLJQLILFDQWO\UHGXFHG


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Figure 5.5HVXOWRIVDPSOLQJSUHFLVLRQ
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Figure 6.5HVXOWRIQRLVHHOLPLQDWLRQ
4. CONCLUSIONS 

%\ LQWURGXFLQJ DQ RSHUDWLRQDO DPSOLILHU ZLWK FXUUHQWPRGH
VZLWFK D KLJK SUHFLVLRQ EXIIHU DPSOLILHU DQG D QRLVH
HOLPLQDWLRQ PHWKRG LQWR WKH FRQYHQWLRQDO 6+ VWUXFWXUHV D
KLJKSUHFLVLRQDQG ORZQRLVH6+FLUFXLWKDVEHHQGHVLJQHG
IRUYLGHR VLJQDO VDPSOLQJ DSSOLFDWLRQV7KH FLUFXLW DQDO\VLV
DQGVLPXODWLRQUHVXOWVVKRZWKDWWKHLPSURYHGFLUFXLWGHVLJQ
VLJQLILFDQWO\LQFUHDVHVVDPSOLQJSUHFLVLRQRI6+FLUFXLWDQG
HIIHFWLYHO\UHGXFHVVZLWFKQRLVHRIWKHFLUFXLW

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